Abstract: A detailed qualitative investigation of the desmid community in the territory of the Province of Vojvodina (Northern Serbia, part of the Pannonian Plain) revealed a surprisingly high number of desmid taxa. Although most of the desmids were marked as rare, according to the results of physico-chemical analyses of water samples, several taxa were frequently recorded in habitats that are generally deemed unsuitable for desmids. The ecological characteristics of 18 desmid taxa, some of which known as acidophilic and/or oligotrophic, are briefly discussed. The unexpected presence of many desmid taxa is explained by assuming that their tolerance threshold to various physico-chemical parameters has changed considerably.
Introduction
According to the literature, the majority of European investigations concerned with the diversity and distribution of desmids dealt with typical desmid habitats such as oligotrophic wetlands. Accordingly, the first floristic studies of desmids in Serbia were dedicated to their distribution in mountainous peat pits and bogs [from Košanin (1908) to Cvijan & Laušević (1991) ]. Desmids were rarely recorded during previous algological and saprobiological investigations of rivers and canals in Vojvodina, and therefore, have attracted little if any attention in scientific articles. The rarity of desmids can be explained by the exceedingly unsuitable conditions for the development of a rich desmid flora that prevail in these habitats. Due to geological factors that prevail in the Pannonian Plain and to human activities, the water of rivers and canals in Vojvodina is mainly alkaline, with a high concentration of mineral salts, and high values of total hardness. Further, it is periodically enriched with various biodegradable compounds (Stamenković & Cvijan 2006) .
The first detailed study of the desmid flora of northern Serbia, carried out during 2002 and 2003, revealed a total of 210 desmid taxa. Most of these were rare and were found in a low abundance. Unexpectedly, some of the desmid taxa that were known as acidophilous and/or oligotrophic, were found in a large number in the investigated localities. The floristicecological research on desmids from the southern Hungarian Plain also pointed to a surprisingly high number of desmid taxa in alkaline natron lakes, side-and dead arms of the Danube, canals and peat ponds (Fehér 2003) .
The present study of the desmid community at localities in the territory of the Province of Vojvodina (Northern Serbia, a part of the Pannonian Plain) confirms that some of the reported desmids cannot be simply considered as oligotrophic and acidophilic, when the results of physico-chemical analysis of these habitats are taken into consideration. • 20 latitude and at altitudes between 59-98 m ASL. For the phytoplankton qualitative and physico-chemical analysis 259 water samples were collected from 55 localities. The samples from 41 localities, where desmids had been observed in large numbers, were selected for a more detailed investigation. Of these, 30 localities (and 157 corresponding water samples) were the focus of this study. The rivers and canals of Vojvodina are divided into five groups according to geographical location and flow rate: major European rivers (A), rivers intersected by the Serbo-Croatian border (B), rivers intersected by the Serbo-Romanian border (C), the Danube-Tisza-Danube hydrosystem (the Serbian Bačka) West 1905 West , 1908 West et al. 1923; Krieger 1937; Skuja 1948; Prescott et al. 1981; Růžička , 1981 PalamarMordvintseva 1982; Lenzenweger 1997 Lenzenweger , 1999 Coesel 1998; Brook & Johnson 2003 .
Material and methods
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Results
Group A -Major European rivers
Water of the rivers Danube, Tisza and Sava was slightly to moderately alkaline, with a relatively high conductivity (up to 537 µS cm −1 ) and total hardness (Table 2). As is typical of the Pannonian lowland rivers, the dominant anion was HCO Group B -Rivers intersected by the Serbo-Croatian border Water of the Bosut and Studva rivers was strongly alkaline (up to 8.9). The highest average conductivity and total hardness were indictive of a considerable amount of mineral salts in the water. Although these rivers are of Ca 2+ -HCO − 3 type, an unexpected dominance of Mg 2+ and CO
2− 3
was occasionally recorded ( Table 2 ). The highest average BOD and COD as well as the highest average concentrations of NO and total phosphorus confirmed the eu-to hypertrophic condition of these rivers.
Group C -Rivers intersected by the Serbo-Romanian border The water of these rivers was neutral to alkaline, and were characterized by a remarkably high conductivity (up to 1446 µS cm −1 ). Among all Vojvodina localities, the highest quantities of SO were recorded in the river Zlatica and rendered this river predominantly saline. The exceedingly high quantities of phosphorus compounds pointed to a progressive eutrophication of this river. Decomposition of fresh nitrogen-containing organic compounds in the water of these rivers occured as judged by extremely high concentrations of NH 4 > Cl − and Na + were measured in several canals which were designated accordingly as salinesodic. The eu-or hypertrophic condition of the DTD canals was confirmed by the extremely high concentrations of phosphorus compounds. Intensive organic matter decomposition resulted in anaerobic condition of water in several localities. Periodically high concentrations of volatile phenols (up to 15 µg L −1 ) and heavy metals (Cu, Pb and Fe), monitored in this study, significantly deteriorated the water quality of these habitats.
Group E -The Danube-Tisza-Danube (DTD) hydrosystem (Serbian Banat) A slight improvement of the water quality in these canals, compared to that of group D, was observed. However, signs of eutrophication were apparent in the majority of the investigated sites.
Annotated list of desmid taxa
In the following account, new records for Vojvodina (according to the database of the Institute of Botany) are marked with an asterisk (*). Taxa not previously reported from Serbia are designated with a double asterisk (**). The relative abundance of desmids in the samples was estimated according to the following scale: very frequent (vf), frequent (f), common (c), rare (r), very rare (vr). Abbreviations: L. -length of cell, B. -breadth of cell, BA. -breadth of apex, I. -breadth of isthmus, Th. -thickness and Loc. -locality. *Closterium archerianum Cleve (Fig. 1) L.: 207.5-212 µm; B.: 21.25-22.5 µm; BA.: 4.5-5.5 µm; L.:B. = 9.8-10; Loc.: D (20 c). This desmid is known as an inhabitant of slightly acidic to neutral water, living at pH 6.0-6.7 , or pH 4.7-7 (Brook & Johnson 2003) . During
Figs 1-11. 1 -Closterium archerianum; 2 -C. leibleinii var. boergesenii; 3 -C. pseudolunula; 4 -Sphaerozosma vertebratum; 5 -Cosmarium humile var. lacustre; 6 -C. moniliforme var. panduriforme; 7 -C. phaseolus var. elevatum; 8 -Euastrum binale var. gutwinskii; 9 -Staurastrum bieneanum; 10 -S. crenulatum; 11 -Staurodesmus convergens.
our study specimens of this taxon were commonly observed in hard, alkaline, mineral salt-reach, mesoto eutrophic water of the Vrbas-Bezdan Canal. In contrast to the nominal variety, this taxon is much less common in Central Europe . It was, however, frequently observed in distinctly nutrient-rich sites in the Vojvodina. The cooccurrence of var. boergesenii with numerous representatives of Cyanoprokaryota as observed during this study confirmed its preference for eu-or hypertrophic habitats. The type variety has been designated as an indicator of α-or α-β-mesosaprobic level (SEV 1977; Gulyás 1998) , so it is assumed that var. boergesenii may also be used as an indicator of a high organic water pollution. In addition, this taxon has shown a great tolerance to saline and alkaline habitat conditions. *Closterium lineatum Ehrenb. ex Ralfs var. elongatum (Rosa) Croasd. (Fig. 15 Recorded at the Bač site of the DTD hydrosystem at pH from 7.6 to 8.0. The conductivity, total hardness and trophic level of this locality were lower than at other sites of the Bačka part of the DTD hydrosystem. *Closterium pseudolunula Borge (Fig 3) L.: 225.5-245 µm; B.: 25-33 µm; BA.: 8.5-9 µm; L.:B. = 6.8-9; Loc.: A (8 c), C (13 f). Although C. pseudolunula has been designated as a taxon living in meso-eutrophic biotopes, its frequent and abundant presence in the distinctly alkaline (pH 8.4-8.7), saline, hypertrophic and hard water of the river Zlatica, which also contained a high amount of suspended solids, is noteworthy. Given that it was recorded in the algal community with Closterium strigosum Bréb. and numerous α-, p-α-mesosaprobic and polysaprobic indicators belonging to the Euglenophyta and Cyanoprokaryota, the conclusion is seems justified that this desmid is an adaptable taxon, despite its sparse global distribution. **Cosmarium humile (Gay) Nordst. in De Toni var.
Closterium gracile
lacustre Taylor (Fig. 5, Frequently recorded in the Bajski Canal which was characterized by a high conductivity (up to 680 µS cm −1 ) and total hardness, and by a high nutrient load (up to 0.124 mg L −1 of total phosphorus). The presence of α-mesosaprobic and polysaprobic cyanoprokaryote indicators confirmed the poor water quality of this canal. The α-mesosaprobic Bacillariophyta (e.g. Stephanodiscus hantzschii Grun.) were also numerous and co-occured with C. moniliforme var. panduriforme. Fehér (2003) observed the latter taxon in alkaline ponds and canals in S. Hungary that were not rich in nutrients. Cosmarium phaseolus Bréb. ex Ralfs var. elevatum Nordst. (Fig. 7 Table 2 . **Staurastrum eurycerum Skuja (Fig. 21) L.: 24.5-27.5 µm; B.: 27.5-35 µm; I.: 7.5-9 µm; Loc.: D (17 f). Lenzenweger (1997) recorded this rare taxon on the shore of the mesotrophic lake Goggausee (Austria), among Utricularia sp. The preference of this taxon to moderately alkaline and nutrient-rich freshwater habitats was apparent during this study. *Staurastrum margaritaceum (Ehrenb.) Menegh.
ex Ralfs (Fig. 22 gal community that was characterized by the presence of numerous Bacillariophyta and Chlorococcales. Lenzenweger (2001) observed this species in moderately alkaline lentic waters of the Danube flood plain.
Discussion
On the basis of the results of the physico-chemical analyses it is concluded that the rivers and irrigation and drainage canals in the Province of Vojvodina are distinctly alkaline and nutrient-rich biotopes. The relatively high number of records of desmids from these habitats is therefore both surprising and significant. During the floristic-ecological investigation of S. Hungary, Fehér (2003) found a high number of desmid species in alkaline, mainly saline lakes and wetlands, which were otherwise poor in phosphorus and nitrogen compounds. Her and our studies reveal that the southern region of the Pannonian Plain houses a welldeveloped desmid flora, that has so far been insufficiently investigated. The present investigation has also shown that species-specific ecological demands in this part of Europe may deviate significantly from those in another parts of Europe. The frequent occurrence of several acidophilic desmids, including Closterium archerianum, C. gracile, C. lineatum var. elongatum, Euastrum binale var. gutwinskii, Staurastrum crenulatum and S. margaritaceum, in distinctly alkaline water is remarkable. In addition, according to the ranges of conductivity, composition and concentrations of ions and biogenic elements, as recorded in this study, these desmids appear to be well-adapted to hard, eu-hypertrophic and even saline habitats. Some generally rare desmids (e.g. Closterium pseudolunula, Cosmarium humile var. lacustre, C. wembaerense and Staurastrum eurycerum) are also commonly observed in the Vojvodina sites, which proves their ecological preference to rather alkaline, meso-eutrophic habitats. It is noteworthy that several parameters of physico-chemical analysis such as pH, conductivity, major ions, total hardness, dissolved O 2 , saturation O 2 , BOD, NH and total phosphorus, have a low variability in the investigated localities and this may have been a contributing factor to the development of a diverse desmid community. On the other hand, parameters like concentrations of heavy metals (Cu, Pb, Fe and Mn), volatile phenols and β-radioactivity vary more widely, which may be explained by the accidental pollution of the Vojvodina localities. Interestingly, sudden changes of water quality and the presence of these toxic compounds in water have not significantly disturbed life cycle of the mentioned desmid taxa. As a consequence of a constant human impact, the tolerance threshold of desmids to the physico-chemical parameters mentioned previously appears to have increased considerably for many taxa. However, it is feared that if the progressive pollution of freshwater ecosystems continues, some of the desmids will become usual inhabitants of poor quality waters.
